A family segregating for the retinoblastoma predisposition gene has been analysed using the polymerase chain reaction to exclude their son as being an affected gene carrier. The unusual feature of this family is that the affected child, who would ordinarily have been used to establish phase in a linkage study, died as a result of developing a second tumour some years ago. The only tissue available from this child was a paraffin embedded, formalin fixed histopathological specimen from the second tumour. It was possible to isolate DNA from this tissue and amplify the DNA flanking two polymorphic restriction enzyme sites to establish alieles which cosegregated with tumour predisposition. Archival material can now be used to offer families such as this prenatal screening to provide informed genetic counselling.
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Retinoblastoma (Rb) is the most common intraocular tumour of children. In its familial form the tumour phenotype segregates as an autosomal dominant trait. ' Rb arises as a result of mutations in both copies of the Rb gene.2 Most cases are apparently sporadic, owing to random key mutations in both genes; in hereditary cases (25 to 40%), however, the first mutation is transmitted through the germline and only the second mutation occurs as a random somatic event. Subjects carrying the Rb predisposition gene are also at a significantly higher risk than the general population for development of a number of other tumours, especially osteosarcoma and soft tissue sarcomas.3 4 Through the analysis of rare constitutional chromosomal deletions5 6 4 The second child, a boy, was born in 1987 and the family was referred to us for genetic screening. The mother was shown to be heterozygous using the Ml.8 and PRO.6 DNA probes described by Wiggs et al. 15 The (fig 2, top) . The polymorphic BamHI site is located within the amplified fragment 50 bp from the 3' end. Thus, fragments of 140 bp and 60 bp are generated after BamHI digestion. Using this polymorphism the results were unequivocal; the mother is heterozygous and the affected daughter homozygous for the lower allele (fig 2, bottom) . Since the as yet unaffected son is also heterozygous we would predict that the mutant gene, therefore, is segregating with the lower (140/60 bp) allele. Using the other set of primers (table) an approximately 945 bp genomic DNA fragment containing the polymorphic XbaI site was amplified. XbaI digestion of this fragment identifies two alleles; an upper allele 945 bp long and a lower allele consisting of two fragments 630 bp+315 bp long. At the XbaI locus (fig 3) the mother, the father, and the surviving child are all heterozygous. The dead child was homozygous for the lower allele indicating that the Rb mutation is segregating with this allele.
The DNA extracted from the tissue sections was degraded, in the size range of 50 to 1500 bp (fig 4) . Owing to the cross linking of the DNA with formalin during the fixation process, smaller sizes are overrepresented although this did not present a problem in analysing the 180 bp sequence flanking the BamHI polymorphism, yields of PCR product being relatively good. For the larger 945 bp fragment, however, PCR product yields were somewhat smaller. We interpret this to mean that, because of the fragmented nature of the DNA removed from the formalin fixed tissue, there are fewer intact molecules of the appropriate size in the DNA used as template in the PCR reaction. The DNA thus generated was used directly for restriction enzyme digestion where, although left for six to 24 [31] [32] [33] This must also be expected to be the case in the rhabdomyosarcoma used in this study if loss of heterozygosity had occurred. Using the PRO.6 polymorphisms, however, since both parents are heterozygous their daughter could have been constitutionally heterozygous, inheriting the upper allele from the father. Whether their daughter is homozygous for the lower allele or it has been reduced to homozygosity in this case, in the tumour the result is still the same; the tumour predisposition gene cosegregates with the lower allele. From our linkage analysisusingtheBamHIpolymorphismourprediction is that it is the lower allele which cosegregates with the mutant allele. Here loss of heterozygosity is not relevant to the argument since the father is homozygous and must contribute the lower allele to his children. Since the mother also contributes the lower allele, associated with the mutant gene, her daughter could not have been constitutionally heterozygous. Since both parents are heterozygous for the PRO.6 polymorphism, carrier status can only be confirmed or otherwise in 50% of future offspring but results will be unequivocal for the BamHI polymorphism. Taken together these tests will allow counselling of this family in the future.
The use of DNA from formalin fixed tissue in PCR has improved our capability to analyse mutations in Rb families. As long as DNA is available from key dead family members linkage phase can be established. The identification of the specific mutations in apparently sporadic cases will soon be possible via direct sequencing of the amplified DNA. Tumour tissue from many patients now approaching child bearing age exists as fixed material in pathology archives. Using this material and the methods described here, accurate genetic counselling is now available for many of these families.
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